There is now a large and robust body of evidence showing that the presence of severe obstructive sleep apnea (OSA) is associated with an increased risk of hypertension, atrial fibrillation, heart failure, and death [1] . In addition, epidemiological studies have also revealed associations between self-reported short sleep duration in the absence of known OSA and several cardiovascular risk factors including hypertension [2] and diabetes [3] . In this context, a number of small mechanistic studies using acute sleep deprivation models have been undertaken in healthy humans to test the hypothesis that sleep deprivation per se, i.e., in the absence of OSA, may adversely affect the cardiovascular system. In these studies, acute sleep deprivation has been shown to increase heart rate [4]; to adversely affect heart rate variability [4] [5] [6] ; to increase atrial electromechanical delay [7] , P wave dispersion [8] , and QT dispersion [9] ; to increase plasma norepinephrine [5] ; and to impair vascular function [4, 5] . To date, there are very little data on the impact of sleep deprivation on cardiac function as assessed by echocardiography, however.
There is now a large and robust body of evidence showing that the presence of severe obstructive sleep apnea (OSA) is associated with an increased risk of hypertension, atrial fibrillation, heart failure, and death [1] . In addition, epidemiological studies have also revealed associations between self-reported short sleep duration in the absence of known OSA and several cardiovascular risk factors including hypertension [2] and diabetes [3] . In this context, a number of small mechanistic studies using acute sleep deprivation models have been undertaken in healthy humans to test the hypothesis that sleep deprivation per se, i.e., in the absence of OSA, may adversely affect the cardiovascular system. In these studies, acute sleep deprivation has been shown to increase heart rate [4] ; to adversely affect heart rate variability [4] [5] [6] ; to increase atrial electromechanical delay [7] , P wave dispersion [8] , and QT dispersion [9] ; to increase plasma norepinephrine [5] ; and to impair vascular function [4, 5] . To date, there are very little data on the impact of sleep deprivation on cardiac function as assessed by echocardiography, however.
In their current paper in Sleep and Breathing, Acar et al. [10] present the results of an innovative study investigating the effects of acute sleep deprivation on left heart function, in particular left atrial function. The authors performed comprehensive transthoracic echocardiography in a cohort of 27 normal subjects both after a night of regular sleep and after a night of sleep deprivation. Sleep deprivation was induced by night work (one night with partial sleep deprivation), and the intervention (normal sleep versus sleep deprivation) was not randomized. The authors assessed left atrial function not only by standard volumetric parameters but also measurement of tissue Doppler-derived left atrial strain and strain rate. Strain reflects intrinsic myocardial deformation, and strain rate represents its change over time [11, 12] . Both measurements have the advantage to be relatively load-independent. Although measurement of strain and strain rate on the atrial level is not currently in routine clinical use, a number of studies have demonstrated their applicability in different populations [11, 12] . After a night of sleep deprivation (sleeping time 2.3 h versus 7.8 h during regular sleep), no significant effects on blood pressure, heart rate, left ventricular dimensions, left atrial dimensions, and volumetric measurements of left atrial function were found in the present study. However, the authors observed a significant reduction in left atrial early diastolic strain rate (a measure of left atrial conduit function) after sleep deprivation, and there was a moderate correlation between lower left atrial early diastolic strain rate and shorter sleep duration (r 2 00.31). In contrast, there was no significant change in left atrial systolic strain, systolic strain rate, and late diastolic strain rate. There was also a small but significant increase in deceleration time and isovolemic relaxation time (measures of active left ventricular relaxation) after sleep deprivation. These are novel and interesting results, but we have to ask the following questions to properly put the findings into perspective: Are the findings real, or do they represent a chance finding? Are they biologically plausible? And finally, what are the clinical implications?
First, are the findings real, or do they represent a chance finding? The study is limited by the small sample size and the non-randomized intervention. However, the findings are rather convincing. The observed difference in left atrial early strain rate was small but statistically highly significant, whereas apart from deceleration time and isovolemic relaxation time, there was no difference in any of the other parameters. Importantly, as discussed below, the increase in deceleration time and isovolemic relaxation time following sleep deprivation also fit well into the pathophysiological concept of the study. As obvious from the individual data plots in Fig. 2 in the manuscript, all but three subjects had a lower left atrial early diastolic strain rate after sleep deprivation than after a night with regular sleep indicating that a chance finding is unlikely. The authors are to be commended for their efforts to obtain a homogeneous study population without conditions potentially confounding their measurements. All echocardiograms were obtained by the same physician, and intraobserver variability was acceptable. Although this is not exactly described in the manuscript, I assume that the physician analyzing the echocardiogram was blinded to whether or not a subject had had normal sleep or had sleep debt. Thus, the findings appear to be real. Still, the findings will have to be reproduced.
The next question is whether or not the findings are biologically plausible. In contrast to the highly significant reduction in left atrial early diastolic strain rate after sleep deprivation, there were no significant changes in left atrial systolic strain, systolic strain rate, and late diastolic strain rate. This fits very well to the isolated, small but significant increase in left ventricular relaxation and isovolemic relaxation time, possibly indicating that acute sleep deprivation affected primarily early left ventricular diastole, i.e., the energy-consuming process of diastole, which for example is also affected by myocardial ischemia [13] or changes in afterload [14] . The only finding which does not fit into the picture is the lack of change (not even a trend) in the early diastolic mitral annular velocity (e′), which is currently regarded as one of the best if not the best non-invasive measures of left ventricular relaxation [15] . However, given that regional differences in e′ along the mitral annulus are well known, i.e., the lateral e′ is typically higher than the septal e′ [15] , the neutral findings regarding e′ in the present study may be explained by the fact that e′ was measured at the septal annulus only, whereas a global left atrial strain rate was calculated from measurements obtained at four different left atrial sites. Previous studies have shown that acute sleep deprivation can induce endothelial dysfunction [4] . Unfortunately, no measures of vascular function have been obtained in the present study. It is possible but remains hypothetical that by an increase in left ventricular afterload and subsequent impairment in left ventricular relaxation, acute sleep deprivation caused a reduction in the left atrial early diastolic strain rate. These changes were subtle, and there was not even evidence of a compensatory increase in left atrial contraction (left atrial booster function) and no change in left atrial systolic strain rate. In other words, acute sleep deprivation seems to induce a transient very mild form of impaired left ventricular relaxation with subsequent impairment of the left atrial conduit function. Importantly, similar chronic left atrial strain patterns have been observed in normal aging [11] and mild hypertension [12] . Thus, the findings of the present report are sound. Still, further studies will have to expand these findings by exploring the underlying mechanisms.
Finally, what are the clinical implications? The question is whether or not acute sleep deprivation studies can serve as models for what is happening during chronic sleep deprivation. The data are relatively clear for apneic sleep deprivation, i.e., OSA: the more severe the OSA is, the more relevant are the cardiovascular consequences even in terms of hard clinical endpoints [16] . The situation is not so clear with regard to chronic sleep deprivation or, more correctly spoken, chronically short sleeping times. There is indeed an association between short sleeping time (less than 6 h) and an increased risk of hypertension [2] . However, the relationship between sleeping time and the risk of hypertension is in fact U shaped [2] . To make the story more complicated, those who have short sleeping times but do not feel that it is too short do not have an increased cardiovascular risk [17] . Thus, it is very likely that the acute cardiovascular response to sleep deprivation is modulated in many ways if short sleeping time becomes more chronic to protect otherwise healthy people from adverse long-term consequences. Another open question, however, is whether or not the observed phenomenon could play a role in patients with preexisting cardiac disease, e.g., paroxysmal atrial fibrillation or heart failure, in that acute sleep deprivation could trigger an episode of atrial fibrillation or ventricular arrhythmia, respectively, as the heart in these patients may be more vulnerable than in healthy people.
In summary, the findings by Acar et al. are novel and exciting and have opened the door for further research in another aspect of the conundrum of sleep and cardiovascular disorders.
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